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TE3 SUHPACB STHUCTUBE 0? &E0U1TD mHAL CHYSTAiS* 
By ¥. Boas and S. Schmid 

The changes produced on metallic surfaces as a result 
of grinding and polishing are not as yet fully understood. 
Undoulitedly there is some more or less marked change in the 
crystal struciiure, at least, in the top layer. Here'by a 
diffusion of separated crystal particles may "be involved , 
or, on plastic, material, the formation of a layer in greatly 
deformed state,, with possilile recrystallization. in certain 
conditions. Czochralski verified the existence of such a 
layer on tin mic r o- sect i ons tiy successive ohservations of 
the texture after repeated etching (reference l); while 
Thojnassen estahli shed, roentgenographically "by means of the 
Deoye-Scherrer method , the existence of diffused crystal 
fractions on the surface of ground and polished tin "bars, 
which he had already ohserved after turning (on the lathe). 
(Thickness of this layer " 0.07 mm) (See reference 2.) 
V/hether this layer "borders direct on the undamaged "base ma- 
terial or whether deformed intermediate layers form the 
t'ransition, nothing is known. One o"bservation "by Sachs and 
Shoji (reference 3) simply states that after the turning of 
an a-hrass crystal the distur"bance starting from the surface, 
penetrates fairly deep (<v 1 mm) into the crystal (proof "by 
recrystallization, at 750°) . 

Tor a systematic investigation of the grinding effect 
the r oentgonographic method, "briefly desori"bed in the follow- 
ing, seemed suita'ble. The method consists of the recording 
of Laue-ref lecti on diagrams with X-rays of specially long 
x^ave lengths ~ that is, X-rays suita'ble for the study of the 
structure of thin sections. (See reference 4.) If, in addi- 
tion, diffractions lie at great angles of deviation for the 
characteristic radiation of the employed anticat-hode , the 
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same arrangement makias it possilJle to detect fine-grained 
layers- or such with ordered t exture Jby the appearance of 
Detye-Scherr er concentric rings or layer lines. In this 
manner the grinding effect can Tae followed "by a series of 
records after etching with varying degree, of severity. 

The metals used in the present study included aluminum, 
copper, tin, cadmium, and antimony. The crystals appeared 
in form of cylindrical "bars of atout 4 millimeters diameter.. 
First, a Laue reflection diagram of each of the explored 
crystals was taken, and the crystal then ground as nearly as 
poasihle perpendicular to the employed ray direction. The 
little hars were imbedded in Picein wax and ground ahout 0.5 
millimeter parallel to the longitudinal axis on a rotating 
disk (emery paper No. 2, then reground with No. IG), and 
then polished with alumina No, 8 or 1 on a slowly rotating 
disk. The X-rays were obtained from commercial tuTses with 
Cu and Mo anticathode (Muller-Metalix tubes (exposure: 
4 hr at 24 kv effective and 20 ma)). After etching the spec- 
imens were carefully returned to the same position, with the 
cut surface perpendicular to the incident ray, "before the 
tu"be. The distance of the specimen from the perforated film 
pack was 35 millimeters. Before discussing the ©"btained di- 
agrams, the possible dispositions of diffraction lines on 
the refraction diagrams for the simplest cases are "briefly 
repr e sented: 

1. Unoriented multicrystal .- The het er ochr omat i c radia- 
tion results in a general "blackening, the radiation typical 
of the appearance of evenly blackened Debye-Scherr er rings, 
which, owing to the great angles of deviation, usually ex- 
hibit a cleavage (K^^-doublet ) . 

2. Monocrystal .- The het er ochromat i c radiation yields a 
Laue reflection diagram on which the diffractions, emanating 
from planes of one zone, lie on a hyperbola branch or on a 
straight line passing through the optical center. The char- 
acteristic radiation yields, in the general case, no diffrac- 
tion lines on the static crystal. 

S . Crystal aggregate with simple fiber texture and axis 
of fiber TJer-pendicular to the ray .- The heterochromatic radi- 
ation yields diffused curves, resulting in the repeatedly 
described "radial diagrams." (See reference 5.) The charac- 
teristic radiation yields the Polany layer lines. Whereas 
the blackening on the diffused strips is produced by diffrac- 
tion of polychromatic Roentgen rays on the same plane, the 
diffractions on the layer lines stem from different planes 
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iDut identical wave length. In the equator, sone circle, 
layer line, "and dif fused het er ochr omat i o ..radiation hand co- 
incide, and even in its proximity (~20° vertical angle) the 
different curves are still so closely adjacent that- here al- 
s& a separation encounters difficulties. 

In figure 1 are reproduced several of the diagrams as 
ohtained on a tin crystal ground approximately parallel to 
the hase surface after variously deep etching. The record 
obtained on the undamaged Original crystal merely showed the 
sextuple arrange.ment of the Laue spots due to the ray direc- 
tion and resemhled figure 1(e) very closely. After grinding, 
the Laue diffraction lines disappear and two distinct Dehye- 
Scherrer rings (relating to planes (1015) and (1232) ) appear 
(See fig. 1(a).) Blackened maximums are plainly visible at 
various points of the rings. Polishing the ground surface 
does not change the character of the reflection diagram. 
(See fig. 3(13).) On etching the polished cut 0.015 millimeter, 
the concentric rings disappear, and the previously merely 
suggestive hlackened maximums appear as heavy monochromatic 
diffractions vrhich can he comhined with the layer lines (fig. 

. B'urther etching of the ground surface causes, at first, 
little change. Slowly the intensity of individual diffrac- 
tion spots decreases considerahly (fig. X"*)) , and, after dis- 
appearance of the "blackened areas due to the Cu radiation, 
the Laue reflection pattern of the original crystal emerges 
again. (See fig. :(e). ) 

One seemingly feasible interpretation of the secured 
diagrams is as follows; at the surface of the crystal cut 
there is a fine-grained layer, in which - recognizable on 
the dissolution of the Dehye-Scherrer" circles in single dif- 
fractions - r eery stalli zat i on has taken place. This layer, 
0.015 millimeter, at the most, in thickness, is followed by 
a zone in iirhich different lattice positions exist simulta- 
neously, which is indicative of a deformation. Measurement 
of the vertical angle of the layer lines (50 mm) yielded 
here for the identity period in the grinding direction a 
value of 2.6 A, vrhich corresponds with the atom distance on 
a diagonal axis of type I. l^he absence of diffused hetero- 
chromatic radiation curves, moreover, points to the fact that 
rotations of the base about the grinding direction are. pres- 
ent only in small measure. llxe present orientation multi- . 
plicity thus obviously varies but little from the orientation 
of the original crystal. The thickness of this transition 
zone, which represents the connection between the fine-grained 
surface layer and the undamaged base crystal, is about 0.16 
millimeter. In contrast to the very abrupt transition in the 
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surface layer, the change-over in the hase crystal is largely 
progressive, " .■ -=, . . 

All the other test series confirmed the existence of the 
fine-grained surface layer and of the disturhed intermediate 
layer in ground metal crystals. Tin crystals ground parallel 
to the hexagonal axis manifest differences in respect to the 
crystal ground perpendicular to the hexagonal axis to the ex- 
tent that the thickness of the layers appears to he percepti- 
hly greater. It recLuired a 0.030-millimeter etching to make 
the Dehye-Scherrer circles for the surface zone disappear; a 
0,015-millimeter etching left them plainly visihle (cf. fig. 
2^). The diffusions caused "by heterochromatic radiation dif- 
fraction (cf. fig. 3(6)) is, further, suggestive of a very much 
greater multiplicity of positions than in the first discussed 
example. The tests with tin therefore clearly point to an 
influence of the crystal orientati-on on the grinding effect,- 
By parallel position of the translation elements to the plane 
and direction of grinding, the disturbances introduced hy 
grinding are manifestly very small. As to the existence and 
type of a grinding texture possi"bly occurring in the multi- 
crystal, the tests so far, in which the grinding direction 
always coincided with the direction of translation, permit of 
no conclusions. 

The grinding surface of the analyzed cadmium crystal was 
"by no means as simply oriented as on the tin specimen. The 
fine crystalline surface layer was evidenced hy profound gen- 
eral blackening and complete absence of diffraction spots 
(Mo-ant i cathode ) . In consequence, the thickness of the layer 
could he ascertained only by the reappearance of Laue spots 
which emerged after 0 . 020-milliraet er etching with about half 
intensity. Accordingly, 0.030 plus half the half-value thick- 
ness (for ~ I 5) can be regarded as approximate indication of 
the layer thickness (table 1). (See reference 6.) The de- 
formation of the intermediate layer shows particularly plain 
through the heavy diffusion of the diffractions of figure 3a. 
(The close agreement betvreen zone hyperbola and diffused 
heterochromatic radiation curve is clearly evident. The dif- 
ferences in direction are recognizable by careful examination.) 
It reoLuires a 0.54-millimeter etching to bring out the undis- 
turbed Laue reflection diagram of the original crystal again. 



(See 
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HALP-VALUB THICKNESS 
(in mm) 



\ ih. K 


Al 


Ou 


Zn 


Cd 


Sl3 


0.5 


1,3 


0.040 


0.046 


0.074 


0 . 081 


1.0 


.17 


.0059 


.0067 


.011 


.012 


1.5 


.056 


.016 


.018 


.0037 


.0040 


2.0 


.025 


.0071 


.0081 


.0018 


.0020 



On the antimony crystal the Laue diffraction lines of 
the TDase crystal have not completely disappeared after grind- 
ing, "but they have after polishing. The thickness of the 
surface layer was likewise estimated from the re-^appearance 
of the laue diffractions and the half-value thickness, he- 
cause of the absence of Dehye-Seherr er rings. 

On a ground copper crystal the thickness of the fine- 
grained top layer could be directly determined again from 
the disappearance of the Dehye-Scherr er rings of the (204) 
and (313) planes. A recry st all i zat i on of the surface layer, 
such as observed on tin, does obviously not occuir. The utter 
diffusion of the Ko^-doublet points to marked deformations. 
(See fig. 5.) 

On aluminum, the fine crystalline surface layer pro- 
duced by grinding, is also manifested by the Debye-Scherrer 
rings of plane (511) or (333), and (422). (Seefig. 6.) Ho 
recry stalli zation was observed; the Kcc-^O'ii^le* is plainly 
split, v/hich, however, on aluminum, should not be interpreted 
as an absence of deformations in the grains. In consequence 
of the low absorption of the material the Laue diagram of the 
base crystal is also recognizable at the same time. Surpris- 
ingly, this diagram hardly permits of an inference of transi- 
tion zone'.' Etching the ground surface yields, other than the 
disappearance of the Debye-Scherrer rings and intensification 
of the Laue spots, no changes in the diagram worth mentioning. 
A subsequent test with very small etching stages yielded a 
thickness of 0,015 millimeter of fine-grained surface layer, 
from the disappearance of the rebye->-Scherrer rings. Prom 



HAOA TU ITo. 1072 



6 



the disappearance of the slight diffusion of the Laue spots, 
dt may -be^ inf err.ed , her § -.yiat ,,the. thickness of the deformed 
layer is . approximat ely twice as great. 

Summing up, it may "be stated that the grinding and pol~ 
ishing of metal crystals result s in the formation of two 
layers in the metal: a fine crystalline thin surface layer 
and a deformed transition layer aTjout 10 times as thick, 
which estahlishes the connection with the undamaged "base 
crystal. The data in ta'ble 2 give an approximate idea of the 
thickness of the layers. 

IABI.B 2 



STRATIJIOATIOir SBSTJLTIN5 mOK GEHTI>llir& MBTAI. OHYSTALS 



Metal 


Thickness of 
fine crystallized 
surface layer 
(mm) 


Thickness of 
deformed intermediate 
layer 
(mm) 


Al 


0.015 


~0.03 


Ou 


. . 005 


~.02 


Zn llhase 


.015 


.16 


1 "base 


.03 0 


.30 


Cd 


.025 


.46 


Sh 


. 020 


> . 10 



A noticeahle effect on the layer thickness appears to 

he attrihutahie to the crystal orientation, which is plausi- 
ble in view of its significance for the transportation pos- 
sihilities. The differences in the translation possihilities 
might also he responaihle for the very much shallower depth 
of penetration of .the disturbances on the cubic metals. 

It suggests itself to extend these tests to include 
multi-crystalline hase material - and also other chip-raising 
processes - so that the question regarding the existence of 
textures in the outer layers of the piece of the metal could ' 
he treated along with it. (Addendum "by correspondence: 
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S. 0. French (reference 7) recently investigated the changes 
-induced "by ..grinding arid polishing jSy . means of high-speed 
electrons. The grinding of a copper "block "brought out a 
widening of the diffraction circles; after polishing, the 
original diffraction rings had disappeared and two wide rings 
appeared at a different spot. i'rench interprets this as a 
grain destruction, or, in support of Beilby's theory, as a 
transition in an unoriented state. Against this last inter- 
pretation, however, I. Kirchner (reference 8) objects.) 

Translation hy J, Vanier, 
National Advisory Oominittee 
for Aeronautics. 
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(.a to e}.- Tin crystal-plane of slide 
CO|1(0001). Grinding direction 
©o|)(ll20). Cu-anticathode: a) ground, "b) polish- 
ed, c) .015 mm etching,- d) .065 mm etching, e) 
.17 mm etching. 



Figure 4.- Antimony 
crystal, 
ground (Mo-anti- 
cathode) . 




rigure 2 (aandb).- Tin crystal-plane of slide 

COj_(0001) . Grinding direction 
03(1(1120). a) etched .015 mm, h) etched .065 mm. 



Figure 5.- Copper 

crystal , 
ground (Cu-anti- 
catnode) . 




Figure 3 (aandlj).- Cadmium crystal (Mo-anti- 

cathode) a) etched .060 mm, b) .54 mm. 



Figure 6.- Aluraimun 
crystal , 
ground (Ou-anticathode) 



